Objective: To explore the implications of the single family room (SFR) care environment of neonatal intensive care units (NICU) compared to Open-bay, Combination and Double-occupancy configurations, focusing on family experience, neonate outcomes, staff perceptions, cost and environmental design.
Introduction
This study explores the implications of single family room (SFR) care in neonatal intensive care units (NICUs). The settings for this investigation included private room (SFR) units, Open-bay units, Double-occupancy units, and units consisting of a Combination of SFR and Open-bay infant care areas; and allowed for comparisons regarding (1) neonatal outcomes; (2) staff behavior, needs and preferences; and (3) construction costs. The findings are translated into design guidelines. This study is an initial, comprehensive effort, the purpose of which is to spawn future, narrower, in-depth studies focused on NICU design.
A recent trend in the design of neonatal intensive care facilities has been to increase the number of private patient rooms for neonates and their families. Several factors have contributed to the popularity of SFR design: (1) data on the positive impact of developmentally appropriate care on infant outcomes; 1 (2) increased understanding of the value of breastfeeding and kangaroo care; 2 (3) the hospital-wide trend toward private rooms; and (4) the success of innovative prototypes. The implementation of the Health Insurance Portability and Accountability Act (HIPAA) has also influenced the design of NICUs due to the need to provide patient privacy. 3 Infants are affected both directly by their environment and indirectly by the influence of the environment on their caregivers. A broad range of outcome measures must be incorporated in a study of the NICU environment, including patient outcomes, construction costs, and the impact on staff and families. Research addressing the physical and psychosocial benefits and costs to families, neonates, and medical staff and the monetary and organizational implications regarding construction and hospital systems is needed to provide the tools for planning new NICUs. These results, in turn, must be translated into design guidelines to make them accessible to practitioners.
Literature review Current research on SFR design
Research on SFR design is very limited. Because of this, a net must be cast broadly to obtain information related to this topic. The following literature review addresses recent studies focusing on family experience, noise and light, and infection control in NICUs, which do not specifically address SFR care. The brief body of literature pertaining to SFR design is also summarized.
A literature review of cost of care, construction cost, and plan review research follows the discourse on SFR studies. So little research has been published on this subject that works in progress, texts, and conference proceedings were included to provide additional information.
Family experience
The literature that focuses on family experience addresses stressors affecting the mother, including alterations to the traditional parent role and the infant's appearance and behavior. 4, 5 Information about the baby's health status and good communication with healthcare providers are important needs. Cescutti-Buttler and Galvin 6 studied parental perception of staff competency in an NICU. Parents perceived competence based on specific factors: (1) integration in the care process, (2) control, and (3) communication. The researchers found that when parents were given a sense of control, they felt less like 'guests.' In terms of parental satisfaction, Conner and Nelson 7 identified access to food and a place to rest as desirable by parents; a waiting area and overnight accommodations were deemed essential.
Noise and light
Extensive research has focused on noise and light in NICU environments. Several studies have documented noise levels above 49 dB, which is higher than recommended for NICU units. Studies suggest that staff conversations are the major contributor to noise levels. 8, 9 Additional studies have focused on noise and its effect on the NICU patient. [10] [11] [12] [13] Other studies have focused on implementing changes in the physical environment to decrease ambient noise levels. 14, 15 Infection control In a recent report on the role of the physical environment in the hospital, Ulrich and Zimring 16 identified more than 120 studies linking the built environment to infection in the hospital. These studies addressed sources of airborne infections, primarily air quality and natural and forced ventilation, 17 as well as on the control and prevention of airborne infections using HEPA filters. 18 Current literature describes the need for increased handwashing and suggests education, accessible hand-washing stations, alcoholbased cleansers and single patient rooms as strategies that may reduce the rate of infections in patient units. 16, [19] [20] [21] [22] 
SFR NICU care
The majority of the literature on SFR care is descriptive. Brown and Taquino 23 described the experience in the IICU at Children's Hospital and Regional Medical Center in Seattle and observed that the design positively impacts lighting, acoustics, privacy and comfort. Guidelines identified to support staff include: low, angled walls with glass doors and windows; bedside and central monitoring locator badges to enhance communication among staff; and decentralized supplies at each bedside. Bowie et al. 24 observed the impact of SFR care in a Level II NICU at Providence Seattle Medical Center. The authors suggest that SFRs will increase privacy for parents and that the individualized acoustical and lighting systems will increase families' sense of control over their environment. The authors note that windows between baby stations and the use of pagers increase the flexibility of the working environment for staff. The need for privacy has also been identified by Pector 25 in a study involving views of multiple-birth parents on life support decisions, the dying process and discussions surrounding death.
White 26 states that the primary advantages of SFRs are appropriate lighting, sound and activity levels for the developmental state of the infant. Other benefits are family privacy and an enhanced sense of belonging to NICU activities. The disadvantages are enumerated as separation of staff, loss of the sense of constant observation, isolation of families and potentially high construction costs. Mathur 3 cites improved infection control, clinical outcomes, environmental control and client satisfaction. Mathur suggests that the size of the unit does not have to increase and that staffing efficiency can be maintained.
To our knowledge, only Oelrich 27 and Rosenblum 28 have conducted studies on SFR NICUs. Oelrich 27 studied the impact of SFR NICUs at Providence and Blank hospitals in Alaska and Iowa, respectively. The variables studied were outcomes, average length of stay (ALOS), communication and infection. Oelrich found that caregivers perceived improvements in both outcomes and communication and that staffing ratios held constant. In spite of the SFR design, nosocomial infections were found to increase at Blank. According to the author, this might be attributed to an increase in central line usage and low birth weight of infants, the presence of families, or carpeting. Rosenblum 28 found improvements in SFR infants across a variety of indicators, including weight gain. Ventilator use in SFRs dropped from 10.8 days to 9.7 days in patients less than or equal to 32 weeks estimated gestational age at birth. Hospital-acquired infections, defined as documented bacterial or fungal bloodstream infection after 7 days of age, fell from 17.7 to 5.9% in this same population When parents were queried, they indicated that the environment appeared to have lower noise levels, more privacy, more attention from staff, more information provided to families and more courteous nurses.
Cost of care
Infants born preterm accounted for most of the $10 billion spent on neonatal care in 2003. 29 This expense is related to the requirement of highly qualified personnel to provide care to these infants, the need for expensive technology and pharmacology, and the extended time period these neonates often remain in the hospital. [30] [31] [32] [33] [34] The cost of neonatal care is based on intensity of treatment and length of stay. 35, 36 Both of these factors are inversely related to gestational age and birth weight. The smaller, sicker infants need the most intensive care and require an extended stay in the NICU. Cost of care is also directly proportional to survival. Since the survival rate of critically ill infants has increased and this trend is expected to continue, the cost of neonatal care is also expected to increase. 37 In general, NICUs have high fixed costs with lower variable costs. Therefore, strategies that lower fixed costs can have a significant impact on the actual costs associated with an individual unit.
In the NICU there may be several potential areas where hospital costs can be contained without increasing either the mortality or morbidity of the neonatal patient. One such avenue that is currently being explored is the provision of developmental care. Developmental care focuses on coordination of activities to increase the amount of uninterrupted sleep, positioning to prevent disorganization and to promote self-regulation, and decreasing both light and noise in the NICU environment. 38, 39 Developmental care has been shown to decrease the length of stay and the total hospital costs by $4340 to $25 670 per infant. [40] [41] [42] Developmental care has also been shown to decrease the risk of severe lung disease, decrease the rate of intraventricular hemorrhage, increase weight gain and decrease the need for more intensive nursing care, all of which increase both hospital costs and length of stay. [40] [41] [42] Construction costs Studies reporting construction costs related to NICU environments or acute-care facilities were not found. However, Moon 43 suggests that the trend towards providing private rooms in acute care facilities may result in higher construction costs due to more square footage. However, according to Mathur, 3 the increased area for an SFR in the NICU is offset by the elimination of parent sleep rooms within or adjacent to the unit. A discussion of the rising cost of constructing healthcare facilities indicates that design elements and strategies for patient-friendly healthcare environments are often the first items cut from projects during value engineering. 43 Moon states that price increases from commodities such as oil, steel, and other construction materials, coupled with larger space requirements and changing technology, help to fuel the rising costs. Moon 43 cites an increase of 10 to 15% for many healthcare facility projects currently under construction compared to the previous year. Construction costs can vary depending upon a number of factors, such as policies of regulatory agencies; type of contract; season of the year; construction management issues; weather; building codes; availability of adequate energy, skilled labor and building materials; owners' special requirements/ restrictions; safety requirements; size of project; and location. 44 
Methodology
The settings for this research include 11 SFR, Open-bay, Combination, and Double-occupancy Level III NICUs across the United States. Each facility provided an AutoCAD or scaled floor plan and other supportive documents related to the design and construction of the NICU. In addition, participants provided construction cost data and anonymous aggregate personal health information. Four facilities hosted site visits and provided access for postoccupancy data collection, and two hospitals participated in staff surveys. The research design used several methods. In the complex healthcare environment, the use of multiple methods allows researchers to gather sufficient data about different aspects of a subject. Plan reviews, site visits and postoccupancy evaluations Plan reviews, site visits and postoccupancy evaluations assessed the physical environment and impacts on the users. The physical environment was documented through architectural plans, specifications and programs. Through plan analysis, the program was extracted and compared to facilities of the same configuration and to other configuration types. The plan assessment was followed by calculating the average square feet (ASF) for (1) infant space, (2) family space, (3) staff space, (4) circulation, (5) staff space at bedside and (6) family space at bedside. Space allocated to public space and vertical circulation was excluded from the overall square feet of each unit.
Construction cost analysis
All of the participating hospitals provided construction cost data. Since the units are located throughout the United States and were built between 1995 and 2005, it was necessary to adjust the costs for comparison. Construction costs were compared after adjusting to the year 2005 and normalizing to the national average cost. The Means Historical Cost Index was used to adjust the archival cost data from each participant to what the approximate construction cost for each facility would be in the year 2005. 44 After the costs were adjusted to 2005, the Means City Cost Indexes were used to compare cost from city to city, with the end result normalized to the National City Cost Average. 44 The cost analysis was based on the dollar value of the unit, which may in some cases have been extracted from larger projects or, in the case of expansions, extracted from the cost associated with an addition to the building envelope. The data are represented in cost per square foot and cost per infant station.
Patient medical outcomes
Of the 11 hospital participants, five were able to provide the requested hospital records data for 2 years prior to occupying the new unit and 2 years postoccupancy. The data were supplied by two SFR units and three Open-bay units. The data collected focused on patient and staff data that were generally available through the healthcare systems database and were supplied to the research team by a hospital employee. The type of data collected included staff turnover, patient to staff ratios, patient transfers, admissions and discharges per year, average daily census (ADC), ALOS and reports of nosocomial infections.
Surveys of healthcare staff
Surveys of NICU staff explored the preferences and experiences of those who were providing and receiving care in Open-bay units compared to SFR units and Combination units. The staff surveys were distributed to two facilities: one unit had changed from open-bay to SFR the other unit had changed from Open-bay to a Combination unit. One hundred sixty staff surveys were sent out, with a return rate of 47%.
The objective of the analysis was to detect and compare significant differences between the Open-bay and SFR NICUs. More specifically, the following hypotheses were tested.
1. Staff members of patients are more satisfied with the environment of the SFR unit than the Open-bay unit. 2. Staff members perceive the physical environment in the SFR unit to be better than that of the Open-bay unit. 3. Staff members report less stress in the SFR unit than in the Open-bay unit. 4. Staff members have higher ratings of job satisfaction in the SFR unit than in the Open-bay unit.
Results

Plan reviews and space allocation
The allocation of space within the NICUs participating in this study provides clues to trends regarding the need to accommodate parents and extended families, the participation of families and how much access they will have to their child and to healthcare, and the ability to meet the functional needs of the space and to provide adequate support for the unit staff. Allocated square feet imply a specific use or user. While it may be useful for an institution to compare its facility against the configuration averages, due to the variety of solutions for the NICUs within the configurations, the results are not generalizable.
Unit space allocations by configuration. The review of plans shows that each design configuration has a variety of types of spatial organization. This study identified space allocated to infants, families, unit staff, building and medical systems, and net-to-gross. Overall, the space within the NICU allocated to the infant, families, and NICU staff user groups averaged 59% of the gross square feet (GSF) when all four configuration types were considered together ( Table 1 ). The balance was allocated to circulation, systems and non-usable space. When comparing the unit size and number of infant stations, the data indicate that there are efficiencies of scale; units with higher numbers of infant stations require fewer GSF per station. The space allocated to the infant within the unit was similar among all four unit types when comparing percentages of the GSF; however, when comparing the actual ASF, the SFR unit provided 172 ASF to the infant per infant station while the Open-bay unit allocated 107 ASF and the Combination unit and Doubleoccupancy unit allocated 89 ASF and 112 ASF, respectively. The family space allocated within the unit (away from the infant station) ranged from 24 ASF (Double-occupancy unit) to 48 ASF (SFR unit) per infant station; the Open-bay unit allocated 47 ASF and the Combination unit allocated 33 ASF per infant station. Staff space allocations per infant station ranged from 140 ASF (38% of GSF) in the Combination unit to 58 ASF (17% of GSF) for the Double-occupancy unit; the Open-bay unit allocated 25% of the unit to staff with 117 ASF per infant station, and the SFR unit allocated 131 ASF (19% of GSF) to staff.
The mean usable space allocated to circulation by configuration varied from 20% for the Combination unit to 28% for the Open bay units, while both SFR and Double-occupancy configurations averaged 26% of the GSF devoted to circulation. The non-usable square feet ranged from 7% of GSF in the Combination unit to 11% for the SFR and Open-bay configurations, with the Doubleoccupancy unit averaging 9% of GSF as non-usable space.
Allocation of space for infant station area by configuration. At the infant station or infant room, the clear floor space for all NICU configurations averaged 73% of the defined area, with all configurations within ±6%. SFR and the Double-occupancy unit types each allocated 20 ASF to the infant care station while the Open-bay configuration allocated 25 ASF and the Combination unit configuration allocated 17 ASF. Space allocated to families was highest in the SFR unit configuration with 86 ASF; the lowest amount of space allocated to the family at the bedside was in the Combination unit configuration with 36 ASF, with Open-bay and Double-occupancy configurations providing 42 ASF and 52 ASF, respectively. For staff and support space, the SFR configuration allocated 66 ASF, the Open-bay configuration allocated 40 ASF, the Double-occupancy unit configuration allocated 39 ASF, and the Combination unit configuration allocated 36 ASF (Figure 1 ). There are four pods of patient rooms with staff stations in each that are used for charting, communication, medicine preparation, discussions with parents, and staff interaction. The hospital's patient satisfaction surveys indicate that the noise levels from these work areas are too high.
Open-bay unit no. 1. Open-bay Unit no. 1 also has 22 licensed infant stations with two sets of four stations in pinwheel configurations and the rest along the perimeter of the unit. This unit has two isolation rooms and two bays for Extracorporeal Membrane Oxygenation (ECMO). The infant station care areas range in size from 102 to 110 SF. The isolation rooms are 130 SF and the ECMO bays are each 168 SF. For visual privacy, parents use privacy screens to separate their infant area from the rest of the unit. The ECMO bays have cubicle curtains covering glass partitions between the two areas while the isolation rooms have sliding glass doors that afford acoustical privacy, but still require the use of screens for visual privacy.
The nursing staff are in the same work area with the clerk and located at the entrance to the unit. Additionally, there are two nurse charting areas within the nursery and a small work area adjacent to each infant station.
Open-bay unit no. 2. Open-bay Unit no. 2 has 45 licensed infant stations with zones designated for Level III and Level II nurseries. There are six pinwheel islands, each with three infant stations; infant stations along the perimeter of the unit; one isolation room; and two rooms that have four infant stations each. The space allocated for patient care stations ranges from 124 SF (pinwheel) to 130 SF (perimeter) with the two rooms holding four infant stations sized at 293 and 282 SF. There are no provisions within the nurseries for auditory or visual privacy. The unit does have two breast feeding rooms.
There is one primary nursing station with a nurse work area located at the end of each patient care station. A small island work area is located in the center of the Level III nursery and a nurse/doctor work area is located in the Level II nursery.
Open-bay unit no. 3. Open-bay Unit no. 3 has 30 licensed infant stations, split between Level III and Level II. Most of the infant stations are located around the perimeter, though 4 in the Level III area are in the center of the nursery. Two of the Level II beds are together in an isolation room. The infant stations size range from 88 SF (Level II) to 132 SF (Level III). According to comments from the staff, privacy is an important issue, though no provisions have been made to accommodate the need for visual or auditory privacy within the nurseries. However, the unit is supplied with two breast feeding rooms. The Level II area has one centralized nurse station while the Level III area has two small nurse stations. Charting is accomplished at bedside.
Postoccupancy evaluation
Privacy. The rooms in the SFR unit had both glass doors and curtains separating the infant care space from the public areas. These rooms also offered an additional level of parental privacy by providing a ceiling-mounted curtain between the designated parent space and the infant care and staff space. The isolation room at Open-bay no. 1 had glass doors with three opaque walls, and the two private bays had a combination of opaque and glass walls with no doors on the front of the bays. Screens were placed at the entrance to the bays to provide visual, but not auditory, privacy. Screens were also used in front of the glass side wall to increase privacy.
In the SFR unit, families were the main controllers of the privacy features. Parents were present for long periods of time and appeared to seek privacy as soon as they arrived in the unit. When parents were present in the rooms, the sliding doors were closed more than halfway during 100% of the observations, and curtains were closed more than halfway for 87% of the observations. When parents were not present, staff members controlled the door and curtain; the door was closed at least halfway for 88% of the observations, and the curtain was closed for 82% of the observations. A common configuration for patient rooms when parents are not present is to have the curtain open wide enough to see the monitor while using an incubator cover to shield the infant from traffic. The door leading to empty rooms was open at least halfway for 70% of the observations, and the curtain was open for 54% of the observations. Temperature was another factor affecting door closure in the SFR unit. Although the original plan called for individual temperature control for each room, the number was reduced to one control for every two rooms during the 'value engineering' process. This lead to uneven temperature among the rooms, so the staff help parents modulate the temperature by opening or closing doors.
Traffic. The SFR unit had lower pedestrian traffic than all the Open-bay units. The Open-bay units were not notably different from each other. The increase in traffic for Open-bay units might be attributable to increased staff and passersby. Parental presence was highest in the SFR.
Individual control of space. Environmental dimensions that may be controlled in the unit are temperature, artificial light, daylight, noise, décor and traffic within the infant care area. In the SFR unit each of these, with the exception of temperature, was individually controlled. The patient care areas in Open-bay no. 1 were dimly lit for the high-acuity infants in the ECMO bays and well lit for larger, more stable infants in the isolation room, in accordance with each infant's response to stimulation. Staff controlled light levels, although one parent in the patient care area requested a light change from staff, and researchers observed that one parent controlled noise around her infant by requesting lowered voices. In the Open-bay units light, noise, temperature and traffic were mainly under staff control. In Open-bay unit no. 2, a parent sitting between two infants who required minimal stimulation played a music video at a low sound level; the nurse assisted with providing this stimulation, which was appropriate to the one family.
Controllable privacy. Privacy in the Open-bay units was accomplished by providing movable screens and by facing families away from traffic. Screens were used 100% of the time for the patient care areas in Open-bay no. 1. The door for the occupied isolation room was also closed during the entire visit. For Open-bay no. 1 (excluding the ECMO patient care areas and isolation rooms) screens were used to increase privacy for 14% of the parents observed. No screens were in use in Open-bay no. 2 or Open-bay no. 3 during the observation period, although Open-bay no. 3 reported frequent use of screens at other times.
Partition wall and partial-wall design affected privacy as well. Open-bay no. 1 increased privacy by providing partial walls, which separated the beds around the perimeter into partially divided twobed bays. Center pinwheel walls were angled to traffic to provide increased privacy, especially for the side away from main traffic paths. This arrangement allowed some degree of privacy; for instance, when a code was occurring across the unit, parents on the other side of the pinwheels and partial walls were unaware of it.
Open-bay no. 3 was designed with partial walls and pinwheels as well. The partial walls separated the beds around the perimeter into two-bed bays, but the pinwheels were not angled in order to maximize the visibility of infants to staff. Planned two-bed rooms at Open-bay no. 2 were designed to use glass walls and a door to increase privacy and reduce stimulation. These rooms were converted to four-bed mini-pods with no division between the beds. Open-bay no. 3 had few walls separating the visual field, but the unit was designed with the long side of the patient care area along the perimeter wall. This orientation increased space between beds and allowed for more auditory privacy.
Parental presence and policies. Policies on parental presence varied among units visited. As mentioned in the privacy section, 2 units had 24-h parental presence policies (the SFR unit and Openbay no. 3). Open-bay no. 1 was closed for 1 hour for each shift change. Open-bay no. 2 was closed to parents for 2 hours at each shift change (0600 to 0800 and 1800 to 2000), during quiet time (1300 to 1500), and during admissions. Each family who wished to enter Open-bay no. 2 had to be approved by the infant's nurse via a call from the unit clerk before they could enter. Open-bay unit staff might also ask parents to leave if an infant was coding or if there was a minor surgery occurring on the unit. Open-bay no. 1 staff asked parents who were near a code to leave, but the pinwheel and partial wall allowed parents on the other side of the room to be relatively unaware of two codes occurring simultaneously; these parents were allowed to stay. The all-SFR unit did not ask parents to leave during admissions, codes, or procedures, since a parent inside one closed room is not generally aware of an admission, death or procedure inside an adjacent room.
Units also had varied policies concerning the number of people at the bedside. Following advice from staff about noise and how to monitor infant response, the family was allowed to control traffic in the SFR unit. The desk clerk would phone parents when visitors arrived and would allow them to decide whether to visit in the lounge area or to bring the visitor back to the infant care space. Open-bays no. 1 and no. 2 enforced or encouraged a limit of two family members/visitors at the bedside; Open-bay no. 3 encouraged only two visitors in addition to parents.
Parent-to-parent contact. Parent-to-parent contact at the SFR unit was not very common. The unit was working to improve this situation and was considering options such as hiring a paid parent coordinator. Parents might see each other in hallways and briefly greet each other, but they did not interact in the lounge, in the rooms or in the hallways during the observation period.
In the Open-bay units, when parents were near their infants there was very little interaction between parents. When units were closed to parents for periods of time during the day, parent interaction occurred in the family lounge or hallways while parents waited for the unit to reopen.
Staff monitoring of infants. The SFR unit had a staff locator system, which allowed the unit clerk to know where a staff member was at any time and allowed staff to see if a nurse was inside a room that was closed.
All three Open-bay units had individual monitors at bedsides, with auditory and/or flashing-light alarms that could be linked for assignments. They all required line of sight to at least one infant's monitor. This system kept nurses close to the infants' bedsides, even when charting. Line of sight was considered important in nursing assignments and care practices.
Construction cost
The cost analysis showed that the Combination configuration was the least expensive with an average cost of $204/SF, followed by Open-bay at $285/SF and SFR at $294/SF. The Double-occupancy configuration had the highest average cost per square foot at $331/SF.
Patient medical outcomes
Hospital records for participating hospitals provided indicators of change in patient outcomes resulting from the move from an old NICU to a new NICU. The move to a new unit included moving from (1) Open-bay to SFR, (2) Open-bay to Combination, and (3) Open-bay to Open-bay. The data requested included ADC, ALOS, average admissions and discharges, and average numbers of reported nosocomial infections (bloodstream and pneumonia), but sufficient data were received for analysis only for the ADC, which increased for all three configuration types. The ADC increase for SFR units was 5%; the increase for Open-bay units was 11%; and the Combination units increased ADC by 6%. This increase generally correlates with the increase in the average number of infant stations for all configurations.
Healthcare staff survey Two hospitals participated in this facet of the study, and a total of 75 staff questionnaire responses were received: 21 from Hospital 1, SFR; 27 from Hospital 2, open bay section; and 27 from Hospital 2, SFR section. Among these groups, there were no significant differences in demographic characteristics, such as age, gender and job title. The population surveyed was predominantly middle-aged Caucasian females. The average number of years working in NICUs was 13 . Approximately 84% were nursing staff. The hypothesis that staff members in SFR units are more satisfied with the physical environment than the staff members in the Open-bay configuration and perceive the former to be a better environment was generally supported.
Staff members in Hospital 1 (SFR) were more satisfied with the physical environment than those in Hospital 2 (Open Bay and SFR). The open bay and SFR units in Hospital 2 have similar satisfaction levels, although the data suggest that staff in the SFR are slightly more satisfied regarding all factors except waiting and resting space for families outside the NICU, and corridors and signage for wayfinding.
In the staff's view, SFR design was superior to open bays in terms of providing privacy to families and infants (Figure 2 ). This is most strongly articulated in Hospital 1, which is limited to SFRs. In spite of the fact that some infants were housed in SFRs and some in open units in Hospital 2, very little difference was found in response to 'the environment supports the family's presence and participation. ' Single rooms were viewed by staff members to be less stressful for both family and staff members, and the SFR-only NICU was perceived as less stressful than the SFR portion of the combined unit (Figure 3) . The SFR-only unit (Hospital 1) was perceived as less stressful for family members than the Open-bay portion of the combined unit. A similar pattern was demonstrated with regard to the depression level communicated by the environment. Consistent with their high ratings of the physical environment, nursing staff members in Hospital 1 reported less stress and more satisfaction Atmosphere is tense and stressful for staff
Atmosphere is tense and stressful for family members
Environment is depressing ta Figure 3 Staff levels of agreement regarding stress in the physical environment.
with their job than their counterparts in Hospital 2. Within this context, the most problematic areas in all three unit types were workload, inadequate preparation, death and dying, and conflicts with physicians -all factors that are typically independent of the physical environment.
Discussion
Unit configurations and space allocation
The design of the units may be driven by the philosophy and nursing model of the NICU unit, the pragmatic needs of the staff, and the limitations of the building. For instance, only one NICU, an SFR design, clearly integrates the family within the infant care areas. All other facilities, regardless of design configuration, relegate the family space to an adjacent area or, at best, to the very edge of the patient care areas. On the other hand, the relationship of unit staff space to the infant care areas is consistent through all configurations. Staff and support spaces are integral to the patient care areas, including the SFR unit configuration. The plan reviews indicated that an average of 59% of space within the NICU is allocated to patient, family, and staff programmatic requirements, with the remaining area allocated primarily to unit circulation, systems, and non-usable SF. The average amount of space allocated to unit circulation was equal to 26% of the GSF; differences within configuration types were negligible. Design strategies for minimizing circulation and reallocation of valuable space to families within the infant care station area are recommended. Designated congregate family space is important, regardless of configuration type. Providing space for family members to step away from the infant station for respite and the opportunity for family-to-family social support are valuable activities that can be supported by the design of the unit, regardless of configuration.
Infant space allocation
Of the 11 participating hospitals, the unit configuration with the highest ASF allocated to the infant care station area was the SFR. Within the context of the private patient room, families were provided with the most space, while in the other configurations, the areas designated to families and staff were more equally distributed. This may have been a limitation based on overall SF allocated to the patient care area of the other configurations. Clearly, the infant station and even the staff spatial requirements can be programmed according to actual space required for functional needs. By default, the family space is less defined in terms of activities and needs and therefore would benefit from additional allocation of space regardless of unit configuration.
Family and staff considerations
The achievement of privacy was most successful in the SFR unit. Single rooms allow privacy for parent-infant interactions such as kangaroo care, allow private consultation with the physicians, and shield families from the activity and environmental noise in the unit at large. The Open-bay units addressed privacy concerns in a variety of ways, including the deployment of mobile privacy screens and other objects. These alternatives were less successful in creating visual barriers.
Nurse supervision in the SFR was affected by the parents' ability to close doors and blinds to the SFR. Clearly, the families were exercising their right to privacy. Generally, when family members were not in the SFR, the nurses would partially open the doors and blinds for better visual access. The open units generally had a clear view across the unit, but staff had limited visual access to infants, as the infant beds were covered to shield the infant from light and noise.
Staff workspaces varied across units. Each unit had some workspace near the bedside. The SFR unit had a central workroom at the front of the unit and four 'pod' substations in addition to bedside counter space. Shared equipment was stored in these areas. These pod substations are used for charting and conferring with colleagues. If a nurse had a 'cross pod' assignment, she would generally chart at the pod where another nurse was sitting rather than have a pod to herself for an extended period. For quick tasks, nurses used all the pod spaces, sitting desks and standing counters.
Open-bay no. 1 had a mix of substation desk areas (two) and distributed computers for charting. Open-bay no. 2 had more nurse activity in or near the patient care space, with little use of the two-sided central desk.
The SFR units had decentralized nurse stations in their pod design. Patient satisfaction surveys indicated that noise levels were too high in these areas and that the source was the nursing stations. The Open-bay units had centralized nursing stations with a charting area at the bedside. To successfully mitigate noise concerns, one Open-bay unit utilized a meter with a flashing-light warning system. Noise continues to be a major concern for all NICUs.
The SFR unit had hand-washing sinks located at the entry to each pod of patient rooms and within each SFR. The Open-bay units met minimum standards by providing an adequate number of sinks within 20 feet of the infant stations. It is recommended that providing access to hand-washing sinks, utilizing newly approved portable hand cleaners and providing continual education for patient safety be strategies for meeting expectations for infection control.
The SFR design supported individualized control of lighting. Also, as the private rooms are enclosed, the lighting is contained within that space and does not intrude on adjacent patients. In rooms with direct access to day lighting, nurses kept the blinds closed for the VLBW infants and opened for infants closer to transitioning. Staff had limited access to natural light. The Openbay units maintained a low level of light throughout the unit. Electric light at the bedside had separate controls, but access to controls varied among the units. The amount of daylight varied in the Open-bay units, but adequate levels were provided throughout the space.
Postoccupancy evaluations
Common to all units in this study was an agreement among staff that their new unit, regardless of configuration, was superior to their old unit. Staff identified reduced crowding as a key feature. Other positive aspects of all new units were adequate room at the bedside for at least two parent chairs, staff dedication and attention to infants, and the expression of concern for HIPAA compliance. Factors that may influence behavior were identified as parental presence policies, parental presence in practice, staff's accessibility to infants for monitoring, infant visibility, the nature and location of staff work space, controllable privacy and light at bedside, sound control features, distance to clean storage from the bedside, acuity level of infants during visit, parental bedside features, parental sleep accommodations, methods for locating staff, amount of traffic within the unit, nursing assignment concerns, and methods for complying with HIPAA privacy. Security was a feature that involved the 'buzzing in' of parents in the Open-bay designs. The SFR did not have a locked door, but parents and visitors walked by a staffed desk between the elevator and the unit doors. There were also security cameras that covered all public spaces and could show any patient care room. The in-room cameras were used mainly when the mother was medically at risk or in cases when there was a history of domestic violence.
The SFR unit had the highest number of parent amenities. The bedside amenities included a small desk with a light, a built-in sofa, a storage area, a kangaroo recliner and a rocking chair. Nearby were restrooms and a parent lounge that included a largescreen television, kitchen, shower and laundry. The parent kitchen, shower and laundry were used during the observation period, but the parent television was not. Parents who stayed the night had a choice between sleeping in a queen-sized bed in a parent sleep room down the hall from their infant or staying on a couch or recliner in the SFR. Parents who stayed overnight overwhelmingly chose the option of sleeping in the room with their infant and were observed pulling the curtain closed between the infant space and their space while they slept. During the observation period, just over one-third of the infants had at least one parent stay with them overnight.
The other units had adequate space at the bedside for two parent chairs but had few other amenities for parents. These units did not have options for parents to stay in the unit, except for a sleep room where they could practice staying with the infant before discharge. Open-style units also varied in where parents were allowed at the bedside, with some having a defined staff side and a defined parent side. At Open-bay no. 1, staff preferred to place parents with their backs to traffic when possible, but that was also the side most likely to be used by staff when conducting an intervention with the infant, so sometimes parents would be facing traffic and would move over when the nurse was finished. Open-bay no. 2 had mainly office-type chairs for the parents, but rockers were also present. Open-bay no. 2 had the largest space for parents at bedside. Open-bay no. 3 had a variety of seating options that were pulled into the patient space for parent use. The staff in Open-bay no. 3 expressed that a lack of a space for parents to keep drinking water at the bed space affected how long parents could stay. Two staff people reported that kangaroo care often had to end when the parents had to get something to drink; water was readily available in the unit but not at the bedside.
Traffic noise and visual distraction was least intrusive in the SFR unit since when parents were present doors and curtains to the room were usually closed. Traffic is a much more important issue in the Open-bay units, since the infant is exposed to the high traffic counts.
Construction cost analysis
The units with a higher number of infant stations had a lower cost per infant station, with the exception of the Double-occupancy configuration. While more research is needed to determine cost differences within unit configurations, it is important to note that factors external to construction cost will have a lifecycle cost impact on the unit. In addition, costs associated with patient outcomes and the real and figurative costs associated with families of infants in the NICU may well be important factors to consider when determining first costs for a NICU.
Based on this study, the cost per square foot, cost per infant station and ASF allocated per infant station indicate that there was no efficiency based on unit size in terms of GSF, but the cost per infant station did tend to be somewhat lower in the units with a higher number of stations.
Patient medical outcomes
The ADC increased for all configurations along with the increase in number of infant stations for the units. There were no clear trends for reported nosocomial infections. With five hospitals participating, the data set was too small to provide clear indications of change.
Staff survey
Staff members in Hospital 1 (SFR) are more satisfied with the physical environment than those in Hospital 2 (Combination). The two groups in Hospital 2 (Open-bay and SFR) have similar satisfaction levels, although the data trends suggest that the staff in the SFR section are slightly more satisfied regarding all factors except the provision of waiting and resting space for families outside the NICU, and corridors and signage for wayfinding. As these two environmental factors are identical for Hospital 2, we can assume that the data are inconsequential.
According to staff, single rooms are superior to open bays in terms of providing privacy to families and infants. This is most strongly articulated in Hospital 1, which is limited to SFRs. However, while the SFR-only NICU is perceived as less stressful than the SFR portion of the combined unit, very little difference was found in response to the question 'the environment supports the family's presence and participation.' This suggests that common factors that are not associated with the physical environment may be contributing to stress levels.
Consistent with their high ratings of the physical environment, members of the nursing staff in Hospital 1 report less stress and more satisfaction with their job than their counterparts in Hospital 2. Within this context, the most problematic areas in all three locations were workload, inadequate preparation, death and dying, and conflicts with physicians, all factors that are typically independent of the physical environment. These factors have been demonstrated in other studies to be challenging for nursing staff.
The study confirmed that nurse job satisfaction may be higher in the SFR configurations. This satisfaction is corroborated by other data indicating lower stress levels and perceptions of a higher quality experience for families.
Conclusion
The purpose of this study was to explore the implications of SFR design of NICUs comparison to other current design configurations. We used a review of the literature and the results of this study to provide practitioners with recommendations for the design of NICUs and to present researchers with an agenda for future, more focused research studies.
Based on the results of this study, SFR NICU design provides solutions for increasing parent privacy and presence, supporting HIPAA compliance, minimizing the number of undesirable beds, increasing staff satisfaction and reducing staff stress. Potential limitations of the SFR design are reduced parent-to-parent social contract and isolation of both parents and staff. In the projects reviewed in this study, construction cost was not notably influenced by design configuration.
